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Objective: To examine mean level differences, and longitudinal and reciprocal relations 
among behavioral sleep problems, emotional dysregulation, and attentional regulation across 
early childhood for children with and without ADHD at 8-9 years. 
Method: This study used data from Growing Up in Australia: The Longitudinal Study of 
Australian Children (LSAC) – Infant Cohort (n = 4109 analyzed). Children with and without 
ADHD were identified at age 8-9 years via parent-report of ADHD diagnosis and the 5-item 
Inattention-Hyperactivity subscale from the Strengths and Difficulties Questionnaire. 
Maternal report of child sleep problems and self-regulation was collected at 0-1, 2-3, 4-5 and 
6-7 years of age. ANOVA was used to compare mean level differences in sleep problems, 
emotional and attentional regulation by ADHD group. Longitudinal structural equation 
modeling examined the relations among sleep and self-regulation across time in children with 
and without ADHD.  
Results: Children with ADHD had persistently elevated levels of sleep problems (from 
infancy) and emotional and attentional dysregulation compared to controls (from 2-3 years of 
age). Sleep problems, emotional dysregulation, and attentional regulation were stable over 
time for both groups. Sleep problems were associated with greater emotional dysregulation 
two years later from 2-3 years of age for both groups, which in turn was associated with 
poorer attentional regulation.  There was no direct relationship between sleep problems and 
later attentional regulation. 
Conclusion: Sleep problems in children with and without ADHD are associated with 
emotional dysregulation, which in turn contributes to poorer attentional functioning. This 
study highlights the importance of assessing and managing sleep problems in young children.  
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Sleep and self-regulation regulation from birth to 7 years: A retrospective study of 
children with and without ADHD at 8-9 years. 
Children with Attention-Deficit/Hyperactivity disorder (ADHD) experience higher 
rates of behavioral sleep problems than their typically developing peers1, which exacerbate 
the core symptoms of the disorder and associated impairments including externalizing and 
internalizing behavior problems, non-attendance at school, and poorer family 
functioning1,2,3,4,5.  Although sleep problems have been associated with poorer emotional and 
attentional regulation across early childhood in population samples6, very few longitudinal 
studies have examined the early history of sleep and regulatory problems in children with 
ADHD. Understanding the developmental progression and consequences of sleep problems 
in children with ADHD will allow us to better understand early risk factors for ADHD 
including potential factors that contribute to core deficits that characterize ADHD. This study 
describes the mean level differences, and longitudinal and reciprocal relations among 
behavioral sleep problems, emotional, and attentional self-regulation from birth to 7 years, in 
a large population sample of children with and without ADHD at 8-9 years.   
Sleep problems affect up to 70% of clinical samples with ADHD and include 
difficulties with initiating and maintaining sleep3 as well as sleep-disordered breathing 
conditions7. It is currently unclear as to whether sleep problems are part of the 
pathophysiology of ADHD,  occur as co-morbid disorders, or present as a behavioral 
consequence of ADHD, that then go on to exacerbate other disorder symptoms8. Our 
knowledge about the relationship between ADHD and sleep problems is largely based on 
cross-sectional studies, and there has been a notable absence of longitudinal studies that 
include measures of sleep from infancy. One small study included children with severe infant 
sleep problems (n = 25) and a comparison group (n = 25) and found that infant sleep 
problems were associated with the development of ADHD at 5.5 years9. Similarly, infant 
regulatory problems, which include sleep problems, have been associated with higher risk of 
later ADHD in a large (N = 1985) meta-analysis10. Arnett and colleagues found that children 
with ADHD symptoms (n = 149) at 8 years could be distinguished from those without ADHD 
(n = 867) as early as 2 years of age by greater parent-reported externalizing problems and 
sleep problems11. In a large cohort study (N = 8195), children with later ADHD differed from 
controls in sleep duration and night-waking from 5 years of age only and not earlier12. 
In addition to an increasing interest in sleep and ADHD, there has been much interest 
in identifying other early markers of ADHD including problems with early attentional and 
emotional regulation13. Identification of such markers, including the timing at which early 
problems emerge, may provide a mechanism for the clinical treatment of primary 
pathological processes, rather than relying on reactive treatment to later symptoms13.  Early 
emotional and attentional regulation difficulties have been associated with increased risk for 
externalizing behavior problems in non-clinical samples14,15. However, there has been limited 
research specifically examining the early regulatory profiles of children later identified with 
ADHD using rigorous population-based approaches.  
Difficulty regulating attention is a core symptom experienced by children with 
ADHD. Problems with emotional regulation are also common16 and are thought to contribute 
to the development of common co-morbidities of ADHD including depression and anxiety17. 
As noted by a recent review, there is very limited evidence regarding how well early 
difficulties in these areas predict ADHD diagnosis13. Poorer attentional control in play-based 
activities in the first year of life has been associated with preschool ADHD-type behaviors in 
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both the general population18 and premature infants19. More recently, greater distractibility in 
infants has been related to the same polymorphisms associated with an increased risk of 
ADHD20. Research generally documents modest correlations between early childhood 
emotional dysregulation and later risk for ADHD-type behaviors21,22. A recent cross-sectional 
pilot study of infants with a family history of ADHD (N = 50) suggests that emotional 
regulation differences may emerge as early as the first year of life23. Further research that 
draws on sample designs to overcome the limitations of previous studies is needed to better 
clarify the relations between early attentional and emotional regulation problems and later 
ADHD. 
Previous research has found robust associations between sleep and the development 
of attentional and emotional self-regulation capacities including executive functioning in 
children with24,25 and without ADHD26,27,28. Recently, the longitudinal bidirectional relations 
among sleep problems and emotional and attentional regulation across early childhood have 
been documented in a population sample6; with the findings suggesting that sleep problems 
are a key early antecedent of later self-regulation problems. The extent to which this same 
developmental cascade exists in children with ADHD has yet to be explored.  
In summary, the majority of studies examining the relation between ADHD and sleep 
have been cross-sectional in nature, or have measured sleep and self-regulation at only two or 
three time points. None have examined the transactional and longitudinal relations among 
sleep problems and self-regulation across early childhood and compared these relations for 
children with and without ADHD. Therefore it remains unclear as to when sleep and self-
regulatory problems are likely to emerge for children with ADHD, and whether sleep 
problems contribute to poorer self-regulation or whether poorer self-regulation makes 
children more vulnerable to sleep problems because of an inability to self-soothe at bed time 
and during the night. This study therefore aimed to examine the mean level differences and 
bidirectional relations among sleep problems, emotional and attentional regulation across 
early childhood in a large population sample of 8-9 year old children with and without 
ADHD. The following hypotheses were formed: 
1. Children with ADHD at 8-9 years will have an early history of elevated behavioral 
sleep problems and emotional and attentional regulation difficulties, in comparison to 
children without ADHD.   
2. There will be evidence for longitudinal and reciprocal relations among behavioral 
sleep problems, emotional dysregulation, and attentional regulation from infancy to 8 
years in children with and without ADHD. 
3. The relations among sleep problems and emotional and attentional regulation will be 
stronger for children with ADHD.  
METHOD 
Study Design 
Growing Up In Australia: The Longitudinal Study of Australian Children (LSAC) is a 
large scale, ongoing population study which commenced data collection in 2004 with two 
cohorts of children. For the current study, we examined the first five waves of data collected 
biennially for the Infant cohort (N = 5,107) from ages 0-1 to 8-9 years of age. Data collection 
at each wave included parent- and teacher-completed questionnaires, parent and child 
computer-assisted interviews, and direct child assessments.  
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Participants 
The Infant cohort of LSAC (N = 5,107) were selected through the national Medicare 
Australia (health insurance) database using a two-stage clustered design. First, 311 postcodes 
were randomly selected, followed by random selection of children from within postcodes. 
Stratification was used to ensure that the numbers of children selected were roughly 
proportionate to the distribution of the child population across each Australian state/territory, 
and within capital cities and the rest of each state29. Participants were aged birth to 1 year at 
Wave 1, 2-3 years at Wave 2, 4-5 years at Wave 3, 6-7 years at Wave 4, and 8-9 years at 
Wave 5. The cohort has been found to be broadly representative of the Australian 
population30. The Australian population is a highly multi-cultural one with 45% of people 
having had at least one parent born overseas and 33% speaking a language other than 
English. Approximately 2.5% of the population identify as Aboriginal or Torres Strait 
Islander, which are the cultural groups Indigenous to Australia. There is not one dominant 
second language or cultural group. The most common non-English languages spoken are 
Mandarin, Italian, Arabic, Cantonese, and Greek31. 
Participants of LSAC were selected into the current study if they had complete 
mother-reported sleep problem data for at least three of the five waves used. A total of 4,109 
participants met these criteria and were selected for inclusion. The selected sample differed 
from the excluded sample on a number of demographic characteristics. Selected mothers and 
children were less likely to be Aboriginal or Torres Strait Islander (χ2 = 130.2, df = 1, p < 
0.001) and have a main language other than English (χ2 = 102.6, df = 1, p < 0.001). Selected 
mothers were also slightly older at the initial data collection time, 31 years compared to 29 
years, F(1) = 100.5, p < 0.001; and had a higher socioeconomic position, F(1) = 219.88, p < 
0.001. There were no differences between those selected and those not in regards to child 
gender or age. These differences between the selected sample and those not included are 
typical of the patterns of losses experienced in longitudinal studies and mean that the 
participants in this study are no longer representative of the full LSAC study and the 
Australian population. 
Measures 
Sleep problems were measured with a single mother-report item at each wave of data 
collection in which the mother reported whether or not, overall, they considered the child to 
have a sleep problem (no, mild, moderate, or severe problem). This measure has been used in 
prior research examining children with and without ADHD3,32. The measure has been 
associated with poorer child and family functioning3 and has shown its predictive validity in 
terms of children’s adjustment to school33. We use this variable as both a continuous scale 
from 1 (no problem) to 4 (severe problem), and also dichotomize the variable into no/mild 
(no sleep problem) versus moderate/severe (sleep problem) to examine prevalence of sleep 
problems across groups, as per previous research3,34. 
Emotional dysregulation (the opposite of emotional regulation) and attentional 
regulation were each measured with four mother-reported items using the short form of the 
Australian Temperament Scales (infant and child versions)35. Items differed across waves to 
account for the developmental stages of the children. Emotional dysregulation was assessed 
by items such as: “This child… continues to cry in spite of several minutes of soothing”, “has 
‘moody’ off days when he/she is irritable all day”, “when angry is difficult to side-track” (α = 
0.64 to 0.86). Attentional regulation was assessed from Waves 2 only (i.e. not during infancy) 
by items such as: “This child…. goes back to the same activity after a brief interruption”, 
EARLY CHILDHOOD SLEEP AND SELF-REGULATION IN ADHD 
 
5 
 
“likes to complete one task or activity before moving on to the next”, “stays with an activity 
for a long time” (α = 0.74 to 0.81).  Mothers responded to items on a 6-point scale: 1 = 
almost never to, 6 = almost always. These scales have been used by other LSAC researchers 
to represent the constructs of emotional and attention regulation across time36, 37.  
ADHD status at 8-9 years was measured in two ways. A single mother-report item 
asked whether or not the child had an ADHD diagnosis. In addition, inattention/hyperactivity 
symptoms were assessed using the mother-reported Strengths and Difficulties Questionnaire 
(SDQ)38. This 25-item measure of emotional and behavioral problems has strong 
psychometric properties39. We used the five-item Hyperactivity-Inattention score (α = 0.81) 
to identify children scoring above the 90th percentile for problems (≥ 8 for males and  ≥ 6 for 
females), reflecting prior studies39,40.  We used this case definition in previous studies using 
LSAC data40 and found that children with mother-reported ADHD were very similar to those 
with clinically elevated ADHD symptoms on the SDQ.  
Through this process, three subsamples of children were defined: 1) Children with no 
mother-reported ADHD diagnosis or inattention-hyperactivity ratings above the threshold on 
the SDQ , called the no ADHD group (n = 3349, 81.5%); 2) Children with a mother-reported 
ADHD diagnosis, referred to as the ADHD diagnosed group (n = 112, 2.7%). Of these, 85% 
(n = 96) also met the threshold criteria for mother-reported inattention-hyperactivity 
problems; and 3) Children with clinical levels of inattention-hyperactivity symptoms but no 
mother-reported diagnosis, called the ADHD symptomatic group (n = 648, 15.8%).   
Socio-demographic characteristics included child and maternal age and cultural 
background. Mothers were also asked whether or not they had experienced depression for 
two weeks or more in the last year. Family socio-economic position is an LSAC derived 
variable that combines measures of household income, parental education, and parental 
occupational prestige. It has an approximate mean of zero and standard deviation of one41. 
Analysis and Missing Data 
First, ANOVAs were used to test for mean level differences across the ADHD 
diagnosed, ADHD symptomatic, and no ADHD groups on sleep problems and self-regulation 
measures from infancy through to 8-9 years. We also examined prevalence of moderate / 
severe sleep problems across the three groups. Second, a longitudinal path model was 
constructed to examine the reciprocal and longitudinal relationships between the variables of 
interest. The model estimated all paths from each construct at one wave to each other 
construct at the next wave (cross-lagged paths), as well as the continuity paths across time for 
each construct (auto-regressive paths). This exploratory approach to model development is 
recommended when clear hypotheses on the directionality of relations among variables 
cannot be developed42. All modeling was conducted in MPlus version 7.3 using the robust 
maximum likelihood estimator (MLM). Model fit was assessed using the chi-square statistic, 
the root mean squared error of approximation (RMSEA) and the comparative fit index (CFI), 
interpreted using Hu and Bentler’s recommendations43 (RMSEA value < 0.05 and CFI value 
> 0.95). Models were assessed as adequate where they met the criteria for at least one of the 
three fit statistics and good if they met two criteria for two or more. 
Missing data represented up to 18% of cases for the sleep and self-regulation 
variables depending on the wave and the item. We assumed that these data were missing at 
random (MAR); that is, likely to be related to other variables in the dataset (such as socio-
economic status), but not related to the values that would have been provided if the data were 
not missing44. Maximum likelihood EM imputation was conducted prior to analysis to ensure 
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that a complete dataset was available for each measurement45. Imputation used all variables 
in the analysis sample dataset as well as a range of auxiliary variables including socio-
demographic information and Wave 4 and Wave 5 teacher- and parent-reported data on 
social, emotional, and behavioral problems. The final model was also run with the non-
imputed dataset and the results did not differ, thus only the results from the fully imputed 
dataset are presented here. Where data was missing in relation to ADHD diagnosis or 
symptoms at 8-9 years (n = 307, 7.5%) we took a conservative approach and assigned these 
children to the no ADHD group. 
 
RESULTS 
Sample Characteristics 
The socio-demographic characteristics of the sample are shown in Table 1. Boys, 
mothers with a history of depression, and single mothers were overrepresented in both the 
ADHD diagnosed and symptomatic groups. Children identified as Aboriginal or Torres Strait 
Islander were slightly overrepresented in the mother-reported ADHD diagnosed group only. 
There were no differences in child age across the three groups at any wave. The ADHD 
diagnosed and symptomatic groups had a slightly lower socio-economic position than those 
in the no ADHD group, and mothers of the ADHD symptomatic group were slightly younger. 
Of the 112 in the ADHD diagnosed group, 68 (61%) children were currently taking 
medication, which was primarily Ritalin (77%). Medicated and un-medicated children in this 
group did not differ on any of the emotional and attentional regulation or sleep problem 
variables at any wave.
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Table 1 Socio-demographic characteristics by ADHD 
                         Group  
Individual Characteristics 
No  
ADHD 
(n = 
3349) 
ADHD 
diagnosed 
(n = 112) 
ADHD 
symptomatic 
(n = 648) 
 
 
p 
value 
Child Characteristics    
Male, n (%) 1611 (48) 84 (75) 417 (63) < .001 
Aboriginal or Torres Strait Islander, n (%) 87 (3) 8 (7) 23 (4) .010 
Main language other than English, n (%) 303 (9) 5 (6) 46 (7) .123 
Age at Wave 1 (months), M (SD) 8.5 (2.5) 8.4 (2.7) 8.9 (2.6) .119 
Mother Characteristics (Wave 1)   
Aboriginal or Torres Strait Islander, n (%) 57 (2) 4 (4) 11 (2) .331 
Main language other than English, n (%) 360 (11) 9 (8) 56 (9) .168 
Single parent, n (%) 214 (6) 13 (12) 60 (9) < .001 
History of depression, n (%) 915 (27) 41 (37) 202 (31) .009 
Socio economic position (SEP), M (SD) .14 (1.0) -.09 (1.1) -.08 (.90) < .001 
Age (years), M (SD) 31.5 (5.1) 30.5 (5.7) 30.8 (5.2) .001 
 
Correlations between study variables 
Zero order correlations among variables for the whole sample are shown in Table 2. 
All correlations were in the expected direction. Sleep problems were positively correlated 
with emotional dysregulation and negatively correlated with attention regulation both 
concurrently and across time. The strongest correlations were typically among each construct 
measured at different time points, indicating a degree of continuity in these items. 
Correlations for each of the three ADHD groups were also examined separately and were 
largely similar to the pattern found in the whole sample. The mother-reported ADHD 
diagnosed group, and to a lesser extent the ADHD symptomatic group, had slightly stronger 
correlations among sleep problems and emotional and attentional regulation, both 
concurrently and across time, compared to the no ADHD group. 
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Table 2 Correlations among the variables for whole sample 
 1 2 3 4 5 6 7 8 9 10 
1 Sleep probs 0-1 yrs           
2 Sleep probs  2-3 yrs .30          
3 Sleep probs 4-5 yrs .18 .40         
4 Sleep probs  6-7 yrs .14 .29 .45        
5 Emot dysreg 0-1 yrs .37 .16 .09 .07       
6 Emot dysreg 2-3 yrs .08 .18 .13 .12 .17      
7 Emot dysreg 4-5 yrs  .10 .17 .21 .18 .19 .42     
8 Emot dysreg 6-7 yrs .09 .16 .18 .23 .17 .34 .61    
9 Att reg 2-3 yrs -.04 -.09 -.06 -.06 -.16 -.04 -.20 -.16   
10 Att reg 4-5 yrs -.04 -.08 .14 -.09 -.12 -.19 -.27 -.21 .36  
11 Att reg 6-7 yrs -.02 -.07 -.11 -.13 -.12 -.19 -26 -.31 .34 .59 
 
Sleep probs = Behavioral sleep problems; Emot dysreg = emotional dysregulation; Att reg = attentional regulation. All values greater than .03 
are significant at p < .05 
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Prevalence and mean level differences in early childhood sleep problems and self-
regulation across the ADHD groups 
Children with diagnosed and symptomatic ADHD had elevated sleep problems in 
comparison to the no ADHD group from infancy to 6-7 years of age (see Table 3), though 
differences in the prevalence of moderate / severe sleep problems did not emerge until 2-3 
years of age. The same pattern was found in relation to emotional dysregulation and 
attentional regulation with group differences consistently found from 2-3 years of age. 
Prevalence of sleep problems in the no ADHD group decreased over time while prevalence 
estimates in the ADHD groups remained relatively stable. 
There were no significant differences in sleep problems between the ADHD 
diagnosed and symptomatic groups; however, the symptomatic group showed slighter lower 
levels of emotional dysregulation beginning from 2-3 years up to 6-7 years of age and higher 
levels of attentional regulation at 4-5 years and 6-7 years of age. 
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Table 3 
ADHD group means and standard errors for sleep problems, emotional dysregulation, and attentional regulation at each wave, and prevalence 
of moderate / severe sleep problems 
 Group   
 No ADHD ADHD diagnosed ADHD symptomatic   
n (%) 3349 (81.5%) 112 (2.7%) 648 (15.8%) F p  
Birth to 1 year  M (S.E.)    
   Sleep problems 1.64 (.05)^ 1.81 (.09)^ 1.73 (.04)^ 4.55 .011 
   Emotional dysregulation 2.48 (.01) 2.50 (.08) 2.54 (.03) 1.50 .224 
2-3 years      
   Sleep problems 1.53 (.01) 1.77 (.09)^ 1.70 (.03)^ 16.25 < .001
   Emotional dysregulation 2.92 (.02) 3.52 (.08) 3.26 (.04) 60.85 < .001
   Attentional regulation  4.33 (.01) 4.04 (.07)^ 4.03 (.03)^ 62.40 < .001
4-5 years      
    Sleep problems 1.36 (.01) 1.70 (.09)^ 1.55 (.03)^ 31.82 < .001
    Emotional dysregulation 2.51 (.01) 3.18 (.10) 2.87 (.03) 85.71 < .001
    Attentional regulation  3.99 (.04) 3.13 (.10) 3.41 (.04) 181.99 < .001
6-7 years      
    Sleep problems 1.32 (.01) 1.71 (.09)^ 1.55 (.03)^ 45.57 < .001
    Emotional dysregulation 2.24 (.01) 3.50 (.10) 2.72 (.04) 192.57 < .001
    Attentional regulation  4.16 (.01) 3.02 (.09) 3.43 (.04) 274.12 < .001
Moderate / Severe sleep problems % (n)                                  ݔଶ p 
    Birth to 1 year 17 (567) 21 (24) 19 (125) 3.38 .184 
   2-3 years 11 (383) 16 (18) 16 (101) 10.32 .006 
   4-5 years 7 (223) 16 (18) 13 (83) 38.90 < .001
   6-7 years 6 (192) 21 (23) 14 (88) 78.15 < .001
^ Denotes where group differences were not statistically significant at that time point. For example, at each wave for sleep problems, the ADHD 
diagnosed and symptomatic groups were statistically different from the no ADHD group, but similar to each other as denoted by the ^.
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Relations among sleep and self-regulation across time for ADHD and no-ADHD groups 
To test the relations among sleep problems, emotional dysregulation, and attentional 
regulation in an ADHD population compared to a no ADHD population, we tested a 
developmental cascade model in which we combined the ADHD symptomatic and diagnosed 
groups (ADHD group) and compared them to the no ADHD group. This is because the small 
size of the ADHD diagnosed group in this sample (n = 112) did not permit accurate 
estimation of the extensive number of parameters found in our model. Given the similarities 
noted above between the symptomatic and diagnosed groups, and importantly the clear 
differences between the symptomatic and no ADHD groups on most sleep and self-regulation 
measures across the time period, we argue that this is an appropriate grouping. 
The transactional model which estimated all autoregressive and cross-lagged paths 
among sleep problems, emotional dysregulation, and attentional regulation across time was 
first fitted separately for each group.  The model was an adequate fit to the data for the no 
ADHD group: ݔଶ(21) = 230.97, p < 0.001; RMSEA = 0.06; CFI = 0.96; and a good fit to the 
data for the ADHD group: ݔଶ(21) = 59.46, p = 0.17; RMSEA = 0.05; CFI = 0.97. 
 A process of step-wise trimming of paths that were not statistically significant in 
either group was then conducted in the interests of model parsimony. The model was then fit 
as a multi-group path model, which was a good fit to the data: ݔଶ(54) = 307.174, p < 0.001; 
RMSEA = 0.05; CFI = 0.96. Although all paths were estimated simultaneously, the estimates 
for the autoregressive and correlation paths (Figure 1a) are depicted separately from the 
cross-lagged paths (Figure 1b) for ease of reading. 
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Figure 1a: Estimates for the auto-regressive and correlation paths. 
 
Figure 1b: Estimates for the cross-lagged paths 
Figure 1. Estimates from the final transactional model for the relations among behavioral 
sleep problems (Sleep probs), emotional dysregulation (Emot dysreg) and attentional 
regulation (Att reg) across early childhood. Age of data collection is shown at the top of the 
figure for each panel. Figure 1a shows the stability (auto-regressive) and cross-sectional 
correlation estimates. Figure 1b shows the longitudinal and reciprocal paths (cross-lagged). 
All estimates are standardized and significant at p < 0.05. Estimates are shown as: No ADHD 
group / ADHD group. Estimates that differ significantly between the groups are shown with 
an *. Fit statistics: ݔଶ(54) = 307.174, p < 0.001; RMSEA = 0.05; CFI = 0.96. 
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Evidence for the longitudinal stability of sleep problems, emotional dysregulation, 
and attentional regulation was present to a similar degree for both groups and increased over 
time (Figure 1a).  There were significant positive cross-sectional correlations among sleep 
problems and emotional dysregulation at all waves for both groups (Figure 1a). This effect 
was stronger for the ADHD group with differences in parameter estimates across the groups 
statistically significant from 2-3 years of age onwards. 
More sleep problems were significantly associated with poorer concurrent attentional 
regulation (negative correlations) at 2-3 years of age for the no ADHD group, and at 4-5 and 
6-7 years of age for both groups. Emotional dysregulation and attentional regulation were 
significantly negatively correlated at 4-5 years of age in the no ADHD group and at 6-7 years 
of age in both groups. Differences in these parameter estimates across the groups were not 
statistically significant. 
The cross-lagged paths indicated that sleep problems were associated with greater 
emotional dysregulation two years later from 2-3 years of age for both groups (Figure 1b).  
There were no direct associations between sleep problems and attentional regulation at any 
time point for either group, and there were no significant differences in parameter estimates 
across the groups. 
Finally, emotional dysregulation and attentional regulation were reciprocally related 
in the period from 2-3 years to 4-5 years of age for both groups: higher emotional 
dysregulation was associated with poorer attentional regulation two years later and the 
reciprocal was also true (Figure 1b). Differences in parameter estimates across the groups 
were not statistically significant. Emotional dysregulation at 4-5 years of age also had a 
negative, though smaller, effect on attentional regulation at 6-7 years of age.  
While the effect sizes for the cross-lagged paths in the final model were small in 
magnitude, all prior levels of each of the constructs were included in the model. This means 
that estimates on the cross-lagged paths indicate, for example, the extent to which sleep 
problems contributed to growth in the self-regulation constructs, over and above the influence 
of prior levels of self-regulation. That is, sleep problems predicted an increase in emotional 
dysregulation beginning from 2-3 years (controlling for prior levels) which in turn 
contributed to decreasing attentional regulation (controlling for prior levels). On average, the 
model accounted for 20% of variance in sleep problems at 6-7 years of age, 37% of variance 
in emotional dysregulation, and 31% of variance in attentional regulation suggesting that 
other variables that exert an influence on sleep problems and self-regulation development 
were not included in this model. 
DISCUSSION 
This is the first study, to our knowledge to use a large population-based sample to 
examine sleep problems and self-regulatory problems from birth in children with ADHD, and 
to compare these with a non-clinical sample. Each of our hypotheses were supported to some 
degree. Children with mother-reported ADHD had significantly more behavioral sleep 
problems, and poorer emotional and attentional regulation skills, beginning from 2-3 years, 
which remained persistently poorer up to 6-7 years of age (Hypothesis 1). There were 
patterns of reciprocal relations among sleep problems and emotional dysregulation across 
time in children with and without ADHD (Hypothesis 2). The effect of sleep problems on 
attentional regulation occurred indirectly in this study via impact on emotional dysregulation. 
The ADHD group showed stronger concurrent correlations between sleep problems and 
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emotional dysregulation at each time point beginning from 2-3 years; however, there were no 
differences in the strength of the longitudinal cross lag paths (Hypothesis 3).  
The findings indicate that sleep and self-regulation problems emerge at least as early 
as 2-3 years of age for children with mother-reported ADHD and that these differences, at a 
group level, remain persistent across time. In the no ADHD group the prevalence of 
behavioral sleep problems decreased over time, which is consistent with previous research46. 
In contrast, the prevalence rates were relatively stable for the ADHD diagnosed group and 
decreasing only slightly for the ADHD symptomatic group. These findings confirm those of 
other smaller studies that link early sleep problems with an increased risk for ADHD9,10,11. In 
our study, there were slightly elevated levels of sleep problems in the ADHD groups during 
infancy, with self-regulation problems emerging at 2-3 years of age. This suggests that sleep 
problems may emerge first. However, the differences during infancy were subtle and not 
reflected in the prevalence of moderate / severe sleep problems, so in reality are likely to be 
difficult to detect. It is not yet possible, given existing research findings, to establish with 
confidence whether sleep or self-regulation problems emerge first in ADHD populations. 
Studies that measure both constructs at multiple time points across the first two years of life 
are needed to shed light on this issue.  
Our results suggest that children with ADHD are more affected by sleep problems in 
terms of daytime emotional dysregulation, at least cross-sectionally, compared to their peers 
without ADHD. There were consistently stronger correlations among sleep problems and 
emotional dysregulation at each point from 2-3 years for the ADHD group compared to the 
no ADHD group. This finding reflects several prior studies that have found evidence for 
stronger associations between sleep problems, measured both objectively and subjectively, 
and poorer day time functioning in ADHD populations compared to controls1,47,48. 
We found evidence of reciprocal relations among sleep problems and emotional 
regulation in children with ADHD, which is consistent with our previous work[AUTHOR, 
BLINDED].These reciprocal relationships were present for children with and without ADHD, 
despite group differences in socio-demographic and maternal mental health characteristics. 
Although we expected there to be stronger longitudinal effects of poor sleep in children with 
ADHD, this was not the case. The result is likely influenced by the facts that in panel models 
such as this, substantial variance is accounted for by the cross-sectional correlations among 
the constructs (which were stronger in the ADHD group), and the data collection time points 
were two years apart. Overall, the results suggest that behavioral sleep problems are an 
important developmental consideration both for children with ADHD and those without. 
Future longitudinal research that measures sleep and self-regulation at more frequent 
intervals is required to investigate the bidirectional relations among constructs in more detail.   
Surprisingly we detected no direct longitudinal paths from sleep problems to 
attentional regulation. Specifically, from infancy, emotional dysregulation contributed to 
behavioral sleep problems two years later and from 2-3 years behavioral sleep problems 
contributed to emotional dysregulation which in turn contributed to poorer attentional 
regulation. These findings are in contrast to those of Steinsbekk & Wichstrom25 who found 
evidence of ADHD symptoms contributing to later sleep problems across 4-6 years of age, 
but no evidence for the reverse. However, this study used only two waves of data and focused 
largely on clinical levels of problem self-regulation. Our study included earlier measures 
taken across multiple time points. Other studies have found sleep problems and attentional 
functioning to be correlated in ADHD samples49,50 but these studies did not take into account 
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emotional regulation. The indirect relation of poor sleep on attentional regulation (only 
through effects on emotional regulation) apparent in the findings of the current study suggests 
a developmental cascade effect over time. That is, children who have poorer sleep are likely 
to experience heightened reactivity to stimuli51 which may manifest as day time emotional 
dysregulation. This emotional dysregulation is likely to preoccupy children’s self-regulatory 
system, impacting on the extent to which children can capitalize on cognitive learning 
opportunities likely to support the development of their attentional regulation over time.  
Although the model was able to account for 20% of variance in sleep problems 
measured at the final wave and over 30% of variance in emotional and attentional regulation, 
it is clear that there are many other factors not included in the model that are likely to 
influence these constructs. Children’s sleep behaviors and self-regulation development are 
influenced by parental mental health52,53, parenting practices53,54, and socio-economic 
status55,56, and for those with ADHD, other mental health comorbidities and symptom 
severity4,5.  Future research should aim to investigate the longitudinal and likely reciprocal 
relations among these factors and children’s sleep and self-regulatory functioning in both 
clinical and non-clinical populations. 
Several limitations of the current study must be noted. First, a single item measure of 
sleep problems, while often used, does not allow for specificity in identifying the particular 
sleep behaviors that contribute most to daytime functioning and the development of self-
regulation skills over time. Second, it is unknown to what extent ongoing behavioral sleep 
problems as reported by mothers in this study are reflections of the parenting environment 
including maladaptive responses to initial infant sleep problems. It is likely that complex 
gene-environment interactions are involved in the mechanisms that link sleep and self-
regulatory functioning for children. In a third and related limitation, relying on mother-report 
alone in this study means that data may be confounded with parental mental health, and their 
own experience of ADHD symptoms. Importantly, mother-reported rates of ADHD diagnosis 
may not reflect true diagnoses. Robust developmental cascade effects found across the 
ADHD and no ADHD groups provide some confidence that this has not played a major role in 
our results.  Future studies should include objective as well as subjective measures of sleep 
problems and self-regulation development. It is also unknown to what extent sleep behaviors 
were influenced by the side effects of ADHD medication57 in the small group of medicated 
children in this study. Although the medicated and un-medicated children in the ADHD 
diagnosed group did not differ on any of the sleep and self-regulation measures across time, 
future studies should address this area in more detail.  Finally, the model tested in the current 
research may not hold for specific cultural groups in which the socio-cultural norms of child-
rearing practices and approaches to managing children’s sleep vary greatly from the multi-
cultural context in which this research was conducted58. 
Our findings have a number of clinical and research implications. We found evidence 
of disrupted sleep and emotional and attentional regulation from 2-3 years in children later 
identified to have ADHD. Although these early markers are more commonly observed in 
children with ADHD, their sensitivity and specificity is likely poor given that most children 
with ADHD did not have sleep problems and many children with early markers will not go 
on to have ADHD. Therefore future research should focus on developing risk prediction tools 
to determine which children presenting with early markers are most at risk of going on to 
meet criteria for ADHD and/or other developmental or mental health conditions later in 
childhood. Given the observed relationship between sleep and emotional dysregulation, 
which in turn impacted attentional regulation, these findings underscore the importance of 
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identifying and managing sleep problems in children with and without ADHD. Behavioral 
sleep interventions have been found to be beneficial in treating not only sleep problems but 
improving broader functioning for typically developing children59 and for children with 
neurodevelopmental disorders including ADHD60 and ASD61.  
 In conclusion, our study is the first to examine early sleep and emotional and 
attentional regulation in a large population sample of children with and without ADHD from 
infancy to middle childhood. We found that children with ADHD had elevated sleep 
problems and increased emotional and attentional difficulties, particularly from 2-3 years of 
age. Sleep problems in children with and without ADHD predicted emotional dysregulation 
which in turn contributed to poorer attentional functioning. This study therefore highlights 
the importance of assessing and managing sleep problems in young children.
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